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vIntroduction 

Learning Unit Purpose
As our nation’s economy, society at large, and envi-
ronment are increasingly infl uenced by techno-
logical innovations, it is imperative that our educa-
tional system is able to keep pace and is able to 
prepare students for highly technical careers. This 
Project ProBase Learning Unit, titled Construction 
Technologies, is designed to help prepare high school 
students who plan to go on to community college 
technical education or university-level engineering 
programs.

This unit is one of eight Learning Units 
developed by Project ProBase to address 
the critical need for upper high school tech-
nology education curriculum. The Project 
ProBase Learning Units utilize hands-on, 
problem-based activities to introduce funda-
mental technology concepts related to each 
context area standard identifi ed in Standards 
for Technological Literacy: Content for the Study 
of Technology published by the International 
Technology Education Association. 

Learning UnitLearning Unit
verview

You may be interested in the other Learning Units developed by Project ProBase:

•  Agriculture and Related Biotechnologies •  Construction Technologies

•  Entertainment and Recreation Technologies •  Energy and Power Technologies

•  Information and Communication Technologies •  Manufacturing Technologies

•  Medical Technologies •  Transportation Technologies
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Constructivist-based 
Teaching and Learning

Each Learning Unit is driven by authentic 
open-ended problems off ering multiple 
opportunities for students to construct 
knowledge about the world around them. 
Constructivism is a learning theory based 
on the belief that humans learn best when 
they construct their own knowledge based 
on their experiences.

One goal of the ProBase Learning Units is to 
provide a variety of authentic, contextually-
based experiences that students can use to 
construct accurate knowledge and develop 
appropriate skills across the contexts of 
technology. Constructivist learning is 
accomplished by providing experiences 
and opportunities that encourage students 
to construct accurate knowledge. Each 
Learning Unit considers the student as a 
creator of knowledge and assumes that the 
teacher will facilitate this acquisition of 
knowledge. This is contrary to the notion 
that teachers are “dispensers” of knowledge 
and requires a paradigm shi�  for some.

As facilitators of learning, ProBase instruc-
tors will need to prepare for class in a 
slightly diff erent way. Students will still 
need materials and equipment as they 
engage in activities. 

Instructors should review all of the learning cycles in 
advance so that they know what materials and equip-
ment to gather as well as what types of demonstra-
tions must be provided. Another important reason 
for reviewing the learning cycles is to begin thinking 
about appropriate questions to ask the students. 
Sample questions are provided in the Refl ection phase 
of each learning cycle. However, the instructor may 
want to go beyond these questions to probe student 
thinking to fi nd out the technological perspective 
students bring to the class. The instructor should 
ask questions that challenge student thinking and 
present new ideas that help students create concep-
tual change.



viiIntroduction 

Enduring Understandings

Each Learning Unit developed by Project ProBase 
was developed to address three to four enduring 
understandings derived from Standards for Techno-
logical Literacy: Content for the Study of Technology (STL) 
published by the International Technology Education 
Association (2000/2002). According to Wiggins and 
McTighe in Understanding by Design (1998, p. 10), an 
enduring understanding “refers to the big ideas, the 
important understandings, that we want students to 
‘get inside of’ and retain a� er they’ve forgo� en many 
of the details.”

This process yielded nine enduring under-
standings. For a complete list of enduring 
understandings along with corresponding 
essential questions, see appendix page AA.

Students will understand:

1.  That technological progression is driven 
by a number of factors, including indi-
vidual creativity, product and systems 
innovations, and human wants and 
needs.

2. That technological development for the 
solution of a problem in one context 
can spinoff  for use in a variety of o� en 
unrelated applications.

3. That technological change can be posi-
tive and/or negative and can have 
intended and/or unforeseen social, 
cultural, and environmental conse-
quences.

4. How technological systems work, the 
components of those systems, and how 
they fi t into the larger technological, 
economic, and social systems.

5. The compelling and controversial 
issues associated with the acquisition, 
development, use, and disposal of 
resources.

Connecting Standards for Technological Literacy: 
Content for the Study of Technology
Connecting Standards for Technological Literacy: 
Content for the Study of Technology
Connecting Standards for Technological Literacy: 

In an eff ort to distill the enduring under-
standings from STL, each standard was 
fi ltered through the following questions:

•  Does the standard represent a big idea  
having enduring value beyond the class-
room?

• Does the standard reside at the heart of 
the discipline?

•  Does the standard require uncoverage of 
abstract and o� en misunderstood ideas?

•  Does the standard off er potential for 
engaging students?
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6. That the complexities of techno-
logical design involve trade-off s 
among competing constraints and 
requirements, including engineering, 
economic, political, social, and environ-
mental considerations.

7. That technological design is a system-
atic process used to initiate and refi ne 
ideas, solve problems, and maintain 
products and systems.

8. How technological assessment is used 
to determine the benefi ts, limitations, 
and risks associated with existing and 
proposed technologies.

9. How to utilize a variety of simple and 
complex technologies.

Essential Questions

Each enduring understanding must be 
“unpacked” to be meaningful for learning 
and instruction. Therefore, each enduring 
understanding has several essential ques-
tions associated with it. The essential 
questions are addressed through the 
learning cycles.

Bridge Competencies

In addition to focusing on the enduring understand-
ings derived from STL, each Learning Unit helps 
to address a set of Bridge Competencies developed 
in conjunction with a consortium of central Illinois 
community college partners. Representatives from 
this consortium reviewed each Learning Unit to 
identify where the Bridge Competencies were being 
addressed. Each Learning Unit contains a matrix that 
refl ects which Bridge Competencies are addressed in 
that specifi c Learning Unit.

Learning Unit Framework
Each Learning Unit developed by Project ProBase 
follows a similar format in an eff ort to be consistent 
and true to a constructivist-based curriculum.

Preliminary Challenge

Students will be introduced to the Learning Unit 
through a hands-on activity designed to pique 
their interest and begin to establish a focus for the 
Learning Unit.

Primary Challenge

Next, the students are introduced to a robust Primary
Challenge, which is far too complex to be solved at this 
point in the unit. Students will be asked to refl ect on 
the knowledge and skills needed to reach a plausible 
solution to this challenge. This instructor-led discus-
sion happens just before the students are led through 
a series of four-phase learning cycles designed 
to develop the knowledge and skills necessary to 
successfully complete the Primary Challenge. Time is 
provided throughout the nine-week Learning Unit to 
actually work on a solution to the Primary Challenge.
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Phase one: Exploration

During this phase of each learning cycle, students 
will be exploring selected concepts while engaged in 
hands-on activities. The explorations are done indi-
vidually as well as in teams. The goal of the Explo-
ration phase is to have students construct accurate 
knowledge about each concept under investigation.

Phase two: Refl ection

The Refl ection phase of the learning cycle off ers an 
opportunity for students to think about what they 
know about the concepts under investigation. Their 
refl ections are recorded in an Inventor’s Logbook 
that can be used to check their understanding. 
This phase of the learning cycle also provides an 
opportunity for the instructor to clear up lingering 
misconceptions and to be sure that all students are 
ready to move on.

Exploration

Phase three: Engagement

The Engagement phase of the learning cycle 
allows the student to apply the knowledge 
and skills that they are constructing. This 
phase reinforces their understanding of 
the important concepts. The activities that 
students are engaged in are as authentic as 
possible and are o� en team activities. 

Phase four: Expansion

This phase of the learning cycle is where 
students can extend their new understand-
ings to new situations. Students should 
select one of the activities from the several 
that are suggested. Some of the Expansion
activities are designed to be done as indi-
viduals as homework and some are team 
activities.

E n

g a g e m e n t

Four-phase Learning Cycles

In order to develop plausible solutions for the Primary Challenge, students must gain accurate knowl-Primary Challenge, students must gain accurate knowl-Primary Challenge
edge and appropriate skills throughout each Learning Unit. The learning experiences found in the 
Project ProBase curriculum are developed using a four-phase learning cycle.
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Student and Instructor Roles During Each Phase of the Learning Cycle

Learning Cycle 
Phase Student’s Role Instructor’s Role

Exploration

• Interacts with materials 
and equipment

• Collects, records, and 
analyzes data

• Designs solutions
• Investigates concepts

• Asks questions
• Gathers materials
• Oversees safety and 

skills instruction
• Encourages Inventor’s 

Logbook entries

Refl ection

• Answers questions in 
Inventor’s Logbook

• Forms generalizations
• Compares team data
• Participates in 

discussions

• Questions students
• Leads class discussions
• Corrects 

misconceptions
• Facilitates class data 

sets

Engagement

• Applies concepts, 
principles, theories

• Designs and builds 
solutions

• Solves problems

• Supplies materials
• Keeps students on task
• Corrects lingering 

misconceptions
• Assures safe practice

Expansion

• Extends concepts to 
diff erent contexts

• Researches
• Journalizes in 

Inventor’s Logbook

• Provides appropriate 
resources

• Questions students 
to ensure connections 
are made to broader 
context

Preparing for 
the Challenge

A goal of the Project ProBase curriculum is 
to have students work toward the Primary
Challenge throughout each Learning Unit. 
Therefore, at the end of each learning cycle 

students are asked to refl ect on the Primary Challenge. 
In many cases the student is provided time to work 
on the solution to the Primary Challenge for a day or 
two between learning cycles.

Preparing
for the Challenge
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Inventor’s Logbook

Each Learning Unit developed by Project ProBase 
makes use of an Inventor’s Logbook. An icon like the 
one above is placed throughout the Learning Unit 
whenever students are expected to answer specifi c 
questions, record data, or write down their observa-
tions. The specifi c requirements for this logbook are 
le�  for you to determine. 

The Inventor’s Logbook entries will also be used 
to check and assess student progress toward the 
concepts that each learning cycle is focused on. 
The rubrics provided at the end of each learning 
cycle contain an Inventor’s Logbook element where 
the specifi c concepts are identifi ed. This will 
encourage your students to make regular entries in 
their student text and provide dynamic documen-
tation of their progress.

Student Assessment

Student assessment is an important component in 
the ProBase curriculum. The Instructor’s Guide 
provides several optional rubrics to use for formative 
and summative student evaluation. The Inventor’s 
Logbook is designed to be a formative assessment 
of student progress. The Instructor’s Guide contains 
a rubric for assessing each student’s Inventor’s 
Logbook. In addition, each Primary Challenge has a 
rubric for summative evaluation.

The Engagement phase of each learning 
cycle aff ords a unique opportunity to assess 
student progress. Therefore, a rubric unique 
to the Engagement phase is provided as o� en 
as possible.

Rubrics have been inserted in the Instruc-
tor’s Guide and Student’s Guide for 
assessing a student’s contribution to team-
work and daily engagement/preparation.

Materials and Equipment

The Project ProBase curriculum is designed 
to be taught in a general technology labora-
tory facility. Each learning cycle details the 
equipment and materials needed for that 
specifi c activity. Each Learning Unit also 
includes a compiled list of all the equip-
ment and materials needed for the unit in 
the front of the Instructor’s Guide. By design 
and as much as possible, the equipment and 
materials used for the activities are easy 
to fi nd, over-the-counter materials. Where 
appropriate and necessary, specifi c vendors 
have been identifi ed and their contact infor-
mation has been provided.
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Construction Technologies Overview
Up to this point, we have been discussing the 
Project ProBase Learning Units in general terms. 
The following points will be specifi c to Construc-
tion Technologies.

Enduring Understandings and 
Essential Questions

The Construction Technologies Learning Unit 
focuses on three of the nine enduring under-
standings. As they complete Construction Technol-
ogies, students will understand:

1. that technological progression is driven by 
a number of factors, including individual 
creativity, product and systems innovation, 
and human wants and needs.

4.  how technological systems work, the compo-
nents of those systems, and how they fi t into 
the larger technological, economic, and social 
systems.

7. that technological design is a systematic 
process used to initiate and refi ne ideas, 
solve problems, and maintain products and 
systems.

9.   how to utilize a variety of simple and 
complex technologies.

The essential questions addressed in each 
learning cycle are correlated to the learning cycle 
objectives.

Learning Cycles Three & Five:
4a. What are the systems and subsystems 

involved in the various contexts of 
technology?

Learning Cycles Two, Three, 
Four, & Five:

7c. What design criteria are typically 
considered when developing new 
technologies (e.g., marketability, safety, 
useability, reliability, cost, materials, 
etc.) and how do these infl uence the 
fi nal product/system design? 

Learning Cycle Five:
7d. How are decisions made regarding 

information that should be discarded or 
ignored?

Learning Cycles One & Three:
7e. How can the a� ributes of design and 

the principles of design aid in the 
development of quality solutions?

Learning Cycle Two:
1e. What are the fundamental processes/

principles used to develop new 
technologies?

Learning Cycles One & Four:
9d.  How is technological instrumentation 

used to measure, calculate, manipulate, 
and predict the actions of technological 
devices and systems?

xii
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As a constructivist, problem-based curriculum, the ProBase 
Learning Units off er a variety of opportunities for students 
to engage in design activities. The ProBase Learning Units 

have been developed for upper high school technology educa-
tion students.  It is assumed that students engaging in the ProBase 
curriculum possess some prerequisite knowledge and skills 
regarding engineering design. If students do not have previous 
experience in this area, it may be necessary to provide a brief intro-
duction to design-based problem solving. It is suggested that you 
use the following design model adapted for the ProBase curriculum 
from Standards for Technological Literacy (International Technology 
Education Association, 2000/2002).

If you see a need to introduce the design-based problem solving 
process, it is suggested that you do so in a constructivist manner 
using a simple design problem. For example, you might have your 
students use the model presented above as they design a cover 
for a book or CD. You should a� empt to use media beyond paper 
and pencil such as modeling clay, Styrofoam™and pencil such as modeling clay, Styrofoam™and pencil such as modeling clay, Styrofoam , Balsa wood, or ™, Balsa wood, or ™

cardboard. Other simple design ideas include designing paper 
airplanes, a package for their favorite snack, a marketing fl yer for 
a new product, an ergonomic handle for a shaving razor, or proto-
type cardboard seat or a model of other furniture pieces.

Tec
hn

olo
gic

al 
De

sig
n 

Lo
op

Clarifying
the Problem

Brainstorming  
Ideas

Selecting a 
Potential Solution

Modeling and
Prototyping

Testing

Evaluating and 
Refining

Implementing

Communicating
Results

technological
design loop

the
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Home Sweet  Home

Introduction
The goal of the Preliminary Chal-
lenge is to spur students’ interest in 
learning about construction tech-
nologies. The challenge is designed 
to engage students in the upcoming 
unit as well as bridge previous 
knowledge and skills with the 
content that will be discussed in the 
upcoming weeks.

Key Concepts
Each Learning Unit is designed to 
facilitate several enduring under-
standings. The key concepts have 
been synthesized from the enduring 
understandings and essential ques-
tions and will focus the learning 
cycles in the Learning Unit. Each 
learning cycle is keyed to one or 
more of the following enduring 
understandings:

Students will understand:

1. what social, cultural, and 
political pressures lead to the 
need or want for new 
technologies.

5.   what resources are needed to 
solve a specifi c design problem. 

6. what the key factors are that 
cause designers to make deci-
sions about trade-off s, limita-
tions, and constraints when 
designing new products and 
systems.

7. what design criteria are typically considered when devel-
oping new technologies and how these infl uence the fi nal 
product/system design.

Preliminary Challenge
The Preliminary Challenge asks students to individually design a 
house to meet certain criteria provided by a hypothetical client.  
The criteria are listed in the Student Guide, and are intention-
ally broad and somewhat contradictory.  The goal of this activity 
is for students to experience the challenge faced by architects 
and builders who have to navigate through many confl icting 
needs and desires as they design and build structures.
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The Learning Unit goal 
provides a target for the 
Construction Learning Unit. 
As students complete this 
unit, they will be able to 
understand     :

Construction technology 
involves the design of structures 
to meet various requirements, 
and the development of plans 
for how those buildings can fit 
into the surrounding community 
environment.

Students are asked to sketch at least one view of the overall 
house and lot and provide four to six sketches that show diff erent 
areas of the house or lot in greater detail.  These sketches do not 
have to be accurate or well-proportioned, but the word “sketch” 
is sometimes misconstrued.  Students should be encouraged to 
take time on their sketches, focusing on neatness and quality.

A� er completion of the sketches, students should present them to 
the class.  This would be an appropriate time to discuss the Refl ec-
tion questions in the student guide.  Discussion notes are included 
in the Refl ection section.

Teaching
i
p
s

It is suggested that you 
present this goal to the 
students before they begin 

working on the Preliminary 
Challenge. They are not 
expected to understand all 
of it at this point, but they 
need to become familiar 
with it. 

This goal will be used 
consistently throughout this 
Learning Unit. You may 
want to post this goal in 
a visible location for easy 
reference.
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Refl ection
1.  What similarities appeared among the designs created by 

class members?  What diff erences did you notice?
Answers will vary.  Students should note pa� erns that were 
common across diff erent designs.  For example, many students 
will include a foyer or formal dining room into their design, 
even though such items were not part of the requirements and 
are seldom used in modern homes. Students may benefi t from a 
discussion of the assumptions we make about “normal” features 
of a home.

Day One Day Two

Introduction,
Sketching

Sketching 
Presentation

Day Three

Discussion,
Intro to  Primary 
Challenge

Suggested Daily Outline

Estimated Number of 50- 
minute class periods: 3

Facility Requirements
This activity can be conducted 
in any environment, as long as 
students can gather throughout 
the room in small teams.

Equipment and Materials
Based on a class of 28 students:

200 large sheets of paper
Pencils
Erasers
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2.  How successful were you in creating a design that met all 
of your client’s requirements?
Ask students which requirements were hardest to meet.  Since 
some of the requirements were (intentionally) contradictory, 
it would take a skilled designer to accommodate all of them.  
However, this is true in real life as well.  People o� en hold over-
lapping and confl icting desires about what they want in a living 
space.  This makes the designer’s job much tougher!

3.  How do you think real architects and builders know how to 
make structures that people want to live in?
Answers will again very. Students may know professionals in the 
construction field and have stories to share. If time allows, the class 
might discuss higher education options, on-the-job experience, etc.
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Equipment and Materials
All items needed for the Primary Challenge are first used in one 
of the learning cycles.  Detailed information is given in each 
learning cycle.  In general, students will need access to large 
sheets of paper for planning and tools and supplies for modeling.  

Estimated Number of 50- 
minute class periods: 13

If You Build It…

Introduction
The Primary Challenge should be 
introduced immediately a� er 
students complete the Preliminary 
Challenge so that they can begin 
to relate the concepts developed 
through the learning cycles to this 
challenge.  You should address any 
questions about the Primary Chal-
lenge at this time. Approximately 
three weeks have been built into 
the schedule throughout this 
Learning Unit for students to work 
on their solution to the Primary 
Challenge.  Students will be asked 
to refl ect on this challenge as part 
of each learning cycle in a section 
titled Preparing for the Challenge.
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Managing A City

Notes:
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Preparing for the 
Primary Challenge

The Primary Challenge is intended 
to be a large-scale, ongoing project 
that gives students the opportu-
nity to apply many of the concepts 
addressed in the learning cycles.  In 
fact, application of these concepts 
is necessary for successful comple-
tion of the Primary Challenge.  In 
this unit, students are challenged 
to design, draw, model, and present 
a detailed proposal for a planned 
unit development.  A planned unit 
development is an urban space that 
is designed as a cohesive unit.  Since 
relationships to other structures 
are part of the plan, cities typically 
waive some of the specifi c building 
codes that normally regulate lot 
size and structure placement.  This 
allows greater design fl exibility.  

Students will design a planned unit development that includes 
mixed residential, community, and retail buildings on a site of 
approximately ten acres.  There is an aerial photograph of the 
site in the student text.  To stimulate additional interest, a similar 
site near the school or somewhere else in the community may be 
substituted.  An ideal site will be ten to fi � een acres, with some 
natural features that must be worked around.  An aerial photo 
or detailed drawing of the site will be necessary.
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Managing A City

There are also specifi c requirements for the structures that are 
to be built on the site.  One of the main requirements is that 
structures need to be designed to green building standards.  
It is possible for the instructor to add certain requirements 
that are unique to the local situation.  For example, structural 
modifi cations to resist hurricane or earthquake forces could be 
addressed.  It is recommended that the green building content 
be le�  in place and these extra requirements be addressed by 
the addition of content over several days.  Learning Cycle 5 is 
the most natural place to add this content.

At the end of each learning cycle, 
students will work on one part of 
the Primary Challenge.  The task for 
each learning cycle is shown below:

Learning Cycle 1
Create a scale model of the 
existing site.

Learning Cycle 2
Design the common space and 
community elements for the 
development.

Learning Cycle 3
Design overall land use, 
including infrastructure.

Learning Cycle 4
Design and model specifi c 
building techniques.

Learning Cycle 5
Build full-size examples of 
framing methods consistent 
with green building standards.

Even a� er completion of these 
tasks, there will still be signifi cant 
work for students to do in order to 
complete the Primary Challenge.  Two 
weeks are included at the end of the 
unit to complete other tasks, such 
as creating drawings, presentation 
materials, and models needed for 
the Primary Challenge.

The 1:100 scale is suggested 
but optional. Other scales 
may be used based on 

available materials or 
instructor preferences.

Teaching
i
p
s
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Instructor Resources
• Aerial photos of much of the 

United States can be found at 
http://terraserver.microsoft.com/

• The U.S. Green Building 
Council is the primary source 
for material related to green 
building. The Council’s 
LEED standards are the most 
commonly accepted green 
building standards. Their 
website can be found at
http://www.usgbc.org/

• The National Crime Prevention 
Council has information about 
how to prevent crime through 
environmental design at
http://www.ncpc.org/ncpc/ncpc 

?pg=5882-2006-2486

• The National Association of 
Home Builders off ers free so� -
ware, “Building Homes of our 
Own,” at 
http://www.nahb.org/generic.aspx?sec

tionID=184&genericContentID=356

• There are a number of excel-
lent sites on the Internet for 
construction-framing infor-
mation. One useful site is 
the American Wood Council 
(http://www.awc.org), which 
publishes the manual Details of 
Wood Frame Construction. The 
manual is a free download.

• There are Internet resources to help students with conver-
sion problems including http://www.onlineconversion.com, 
http://www.convert-me.com, and http://www.efunda.com

• The accessibility guidelines for buildings and facilities, as 
dictated by the Americans with Disabilities Act, can be 
located at http://www.access-board.gov/adaag/html/adaag.htm
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Managing A City

In a constructivist-based Learning Unit it is important 
to focus on conceptual development. Therefore, it will 
be important for your class to stop and check for under-

standing from time to time throughout this unit. The 
students’ Inventor’s Logbook will serve as one means to check 
student progress on a regular basis. Here are a few other 
strategies that may help you keep your students focused on 
their conceptual development.

•  Create a large poster with the key concepts and/or 
enduring understandings and place it in a prominent 
spot in your classroom. (An example layout can be found 
in the appendix.)

• Break students into their Primary Challenge teams and 
identify what they know and what they need to know 
to solve the Primary Challenge. Compile their thoughts 
through a discussion and create a large class display of 
what they know and what they need to know. Require the 
students (or teams) to “check off ” the questions that have 
been answered during the course of the Learning Unit.

• Have your students create concept maps of the unit in 
their Inventor’s Logbook.

Teaching
i
p
s

As an option to the parcel of land provided in the Student 
Guide, you may want to identify an authentic site in 
your community that would be appropriate for an urban 

renewal project.

Teaching
i
p
s
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Primary Challenge Rubric

  Name:       Date:

Element Criteria
Points

Point Values 40 30 20 10

Primary Challenge 
Completion

Followed all 
specifi cations and 

addressed all criteria, 
parameters, and 
components set 

forth in the Primary 
Challenge.

Followed all 
specifi cations and 
met most criteria, 
parameters, and 
components set 

forth in the Primary 
Challenge.

Made a serious 
a� empt to solve the 
Primary Challenge,
but did not follow 
specifi cations and 
did not address 

many of the stated 
criteria, parameters, 

or components.

Did not complete 
specifi cations and did 

not meet the stated 
criteria, parameters, 

or components.

Sub-total

Point Values 15 10 5 2

Sketches, Drawings, 
& Models

Sketches, drawings, 
and models clearly 

illustrate an 
understanding of 
all requirements, 

criteria,or 
specifi cations, and 

used proper format.

Sketches, drawings, 
and models illustrate 
needed information; 

addressed most 
requirements, 

specifi cations, or 
criteria; and used 

proper format. 

Sketches, drawings, 
and models 

illustrate some 
information, but 

do not address all 
stated requirements, 

specifi cations, or 
criteria; format 

problems. 

Sketches, drawings, 
and models do 
not illustrate all 

needed information; 
incomplete or poorly 
presented; and not in 

proper format.

Required Elements 
and Design Methods

Successfully met 
all three stated 

requirements and 
fi ve design methods.

Team met most of the 
stated requirements 

and most of the 
design methods.

Some of the stated 
requirements and 
some of the design 
methods were met.

Few of the stated 
requirements were 
met and few of the 

design methods were 
used.

Proposal 
Components

Successfully 
completed sample 
fl oor plans, scale 

model, and mock-up.

Completed most 
of the sample fl oor 
plans, scale model, 

and mock-up.

All but one of 
the components 

was completed or 
partially completed.

Few of the 
components were 

completed or 
partially completed.

Presentation

Presentation 
demonstrates a full 
grasp of the major 

concepts, addresses 
requirements, and 
conforms to time 
limit constraints.

Presentation 
demonstrates 

signifi cant 
understanding of 
major concepts, 
addresses most 

presentation 
requirements, and 
conforms to time 

limitations.

Presentation 
topically addresses 

some of the concepts 
delivered in this 

unit, but does 
not conform to 

stated presentation 
guidelines and/or 

time limits.

Presentation does 
not demonstrate a 
grasp of the major 
concepts delivered 
in this unit and/or 
does not address 

stated presentation 
guidelines or time 

limits.

Total Points
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The Incredible 
Shrinking Design

Introduction
This learning cycle will introduce 
students to the techniques and 
tools used in technical drawing and 
modeling. The Exploration intro-
duces students to the concept of 
scale drawing, including architect’s 
and engineer’s scales, measure-
ment, and conversion. Students are 
asked to create a scale drawing of an 
object, which you need to provide.  
The Engagement section discusses 
the design loop as well as scale 
modeling.  Students are asked to 
design, draw, and model a welcome 
sign for their planned unit develop-
ment. The Preparing for the Challenge
portion asks them to design, draw, 
and model a site model for their 
planned unit development.  This 
model will be used in upcoming 
learning cycles as students continue 
work on their planned unit develop-
ment.

Objectives and Essential 
Questions
Objectives and 
Questions
Objectives and 

A� er completeing this learning 
cycle, students will be able to:

1. Explain the diff erent scales 
and be able to convert diff erent 
measurements.

Essential Question 9d: How is tech-
nological instrumentation used 

ConstructionTechnologies
Learning Cycle One Concept Map

Construction
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Technological
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Technological
Utilization

Technological
Systems
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design
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design
criteria

design
criteria

instrumentation

instrumentation

decisions

attributes

attributes

Technological
ProgressionLC 2



1

17The Incredible Shrinking Design

1

to measure, calculate, manipulate, and predict the actions of 
technological devices and systems?

2. Develop a design and create a scale drawing and a scale 
three-dimensional model of that design.

Essential Question 7e: How can the a� ributes of design and the 
principles of design aid in the development of quality solu-
tions?

Facility Requirements
Students will need access to large work spaces to measure, 
draw, and model diff erent objects. They will also need access 
to computers for research and preparation. If desired, the scale 

drawing portions of this learning 
cycle can be completed using CAD 
so� ware.  In that case, each student 
will need individual access to a 
computer with CAD so� ware.

Equipment and Materials
Diff erent sizes of drawing paper 

(A, B, C, etc.)

Copies of blank sheet with 
title block (included in the 
Appendix)

Pencils

(7) Architect’s scales

(7) Engineer’s scales

(7) Straight edges or rulers

2” thick polystyrene foam insu-
lation (usually pink or blue 
in color, available at building 
supply stores)

White glue or spray glue

Assorted grits of wet/dry sand-
paper (usually black in color)

Assorted hand saws, utility knives, 
and fi les

Acrylic paint, latex paint, or shellac

1 sheet of 4’ x 8’ x 3⁄4” plywood or 
particleboard
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Suggested Daily Outline

Estimated number of 50- 
minute class periods: 7

Day One Day Two

Introduction
Exploration Exploration 

Day Three Day Four

Refl ection Engagement

Day Five Day Six

Engagement Preparing for 
the Challenge

Day Seven

Preparing for 
the Challenge
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Exploration
Proportion

The activities in this section are designed to give students an 
understanding of the diff erent scales used in construction. In 
addition, students will learn the importance of proportion, 
measurement, and conversion. 
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Students are asked to complete the 
following conversions using the 
scales indicated below:

1. Using the architect’s scale 3/
32” = 1’, draw a line segment to 
represent 64 feet.

The line drawn should be (64 * 3/
32 =) 6 inches long.

� .

� .
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� .

� .

2. Using the engineer’s scale 1” 
= 40’, draw a line segment to 
represent 128 feet.  

The line drawn should be (128 / 40 
=) 3.2 inches long.

3. Measure the length and width 
of the rectangle on the previous 
page. If this were a room in 
a building drawn at  ¹⁄₁₆” = 1’, ¹⁄₁₆” = 1’, ¹

what size would it be in real 
life?

The  rectangle is 3 inches long and 
2 inches wide.

The actual dimensions would be:
Length = 3 / 0.0625 = 3 * 16 = 48 � 
Width = 2 /0.0625 = 2 * 16 = 32 � 

4. Measure the length and width 
of the rectangle below. If this 
were a plot of land drawn at 
1”=600’, what size would it be in 
real life?

The rectangle is 4.6 inches long 
and 2.4 inches wide.

The dimensions of the actual fi gure:
Length = 4.6 * 600 = 2760 feet
Width = 2.4 * 600 = 1440 feet
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Drawing to Scale

Students are asked to create a multi-
view drawing of an object found 
in the classroom. The object should 
have straight lines and not be too 
complex for students with li� le 
experience in drawing to scale.  
Ideally, there should be several iden-
tical items, so that several students 
can make measurements at the 
same time.

Suggested objects:

Desk
Table
Computer

Students are asked to determine 
the appropriate scale based on the 
detail of the object and the size of 
the paper. There is a blank drawing 
sheet with title block provided for 
you to copy in the Appendix of this 
guide. However, you may decide to 
provide the students with diff erent 
sizes of paper so they can choose 
the scale to fi t according to the 
paper size. You may also choose to 
have the students create their own 
title block.

These activities can be completed using CAD so� -
ware. You may decide to use this learning cycle as an 
introduction or refresher for students working with 

CAD. However, all of the activities were developed and 
can be completed with paper and a pencil.

Teaching
i
p
s
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You may decide to instruct the students on the 
“Alphabet of Lines.” The Alphabet of Lines is a list of 
line symbols that are used on technical drawings to 

represent the shape and describe the size of an object. 
Lines are drawn at a diff erent thickness or darkness for 
contrast, as well as to denote the importance of the line. For 
more information, search for “Alphabet of Lines” online.

Teaching
i
p
s
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Refl ection
1. How did you determine the 

appropriate scale to use? How 
many diff erent scales did you 
a� empt to use before you found 
the one that worked best?
Answers will vary. Some may use 
trial and error and others may 
calculate the appropriate scale 
before they begin to draw.

2. Why does the placement of 
the three views on the paper 
ma� er?
The placement of the views 
communicates more information 
about the object.  A person viewing 
the drawing will know what view 
they are looking at by the place-
ment. When correctly positioned, 
the views can be folded to create a 
three-dimensional cube showing 
the object. 

3. What details did you choose to add to your drawing? 
Why?
Answers will vary. Details will become more important as 
students’ work becomes more complicated.
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Engagement
Students are asked to utilize the skills they have acquired in the 
Exploration to design, draw, and model a welcome sign for their 
planned unit development. You may need to spend some time 
discussing the tools and techniques involved in scale modeling. 
A short discussion of modeling is included in the Student Guide, 
but students will need considerable guidance with technique. 

Students should meet with their 
Primary Challenge teams. They will 
need to first design and then create 
a multi-view drawing of their sign. 
Once they have had their design and 
drawing approved by you they can 
construct their model according to 
the requirements listed. 

Polystyrene foam insulation is the 
recommended material for model 
building in this unit.  It has several 
advantages over other materials--
it is easy to cut and sand, it is very 
inexpensive in terms of cost per 
volume of material, and it is light-
weight.  However, it does have 
disadvantages, too.  It breaks and 
dents easily.  Sanding the foam 
creates a fi ne dust that is hard to 
clean up.  Care is also needed when 
painting.  Techniques for working 
with foam are explained on the 
following pages.  If another material 
is preferred, so� woods or polymer 
clay are also suitable for this unit.  
Techniques for these materials are 
not covered in this guide.
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Foam Modeling Technique

The general technique for working 
with foam is to start with a large 
block. Mark features to be cut on the 
faces of the block and then cut and 
sand to finished shape.  Large blocks 
can be made by gluing smaller 
sheets together.  It is best if the glue 
is kept away from areas that will 
later be sanded, since the glue sands 
diff erently than the foam.

Polystyrene foam can be easily cut 
with almost any tool, including 
serrated kitchen knives.  For best 
results, a very sharp blade should 
be used.  A utility knife with a 
new blade can create a very fine 
cut that needs no sanding.  Fine-
toothed hand saws create a surface 
that cleans up with some sanding.  
Power band saws also cut quite well.  
Circular saws and table saws are 
not recommended because the heat 
of the rotating blade can cause the 
foam to melt and bind against the 
blade. Hot wire foam cu� ers are also 
not recommended for pink or blue 
polystyrene foam, since the fumes 
produced by the foam are hazardous.

Foam sands very well, and even very rough surfaces can be 
cleaned up quickly.  Foam can even be shaped by sanding or 
fi ling instead of cu� ing. One hundred-grit paper will cut very 
quickly.  Four hundred-grit paper can produce a very smooth 
surface, especially if wet-sanded.  The foam surface can tear 
if too much pressure is applied while sanding, so a very light 
touch should be used.  Power sanding is possible if care is taken 
to not overheat and melt the foam.  Sanding will produce a lot 
of dust.  For this reason, many people prefer to wet sand, which 
contains the foam particles in the water.
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Foam can be painted, although any paint containing acetone 
or similar solvents will dissolve the foam, creating a pi� ed 
and cratered surface. Most brush paints are suitable, but most 
spray paints are not.  To use spray paint with foam, it is fi rst 
necessary to seal the foam with shellac.  Select a high-quality 
shellac that does not contain acetone (most do not) and be sure 
to completely seal the model.  Even small holes will allow the 
spray paint to penetrate and dissolve the foam.  Several layers 
of primer on top of the shellac will help level the surface and 
create a good base for a top coat.

In general, students will fi nd it 
easier and faster to model with foam 
than with wood.  However, it is 
usually harder to obtain a smooth 
surface fi nish with foam.  This 
diff erence should be kept in mind 
when evaluating student work.
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Expansion
Although not required, these Expan-
sion activities are designed to cause 
teams to delve deeper into the 
concepts explored in this learning 
cycle.

1. Working with your Primary 
Challenge team, design, draw, 
and build a scale model of a 
special feature for your planned 
unit development. Some type of 
recreational facility or feature, 
for example, could be included 
in your development. Use the 
space below for initial sketches 
and the drawing template for the 
fi nal, more detailed drawings.



1

29The Incredible Shrinking Design

1

2.  Locate a scale drawing of a building on the Internet. What 
type of building is it? What scale was used to make the 
drawing? What are the actual dimensions of the building? 
How detailed is the drawing? Explain how you would 
create a model from the drawing.

3.  Research “green” building techniques on the Internet. How 
will you incorporate “green” building techniques into your 
development? What standards will you have to follow for 
the framing and sheathing of your buildings so they are 
considered “green”?
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Preparing for the Challenge
Students should once again meet 
with their Primary Challenge teams. 
They are asked to design, draw, 
and build a model at the suggested 
1:100 scale of the site for their 
planned unit development. The 
site model should be both accurate 
(to help future design work) and 
aesthetically pleasing (to improve 
the fi nal presentation).

Students will need to take some 
time to make careful measure-
ments from the aerial photo shown 
in the Primary Challenge.  They 
should convert the actual measure-
ments of the site into the correct 
scaled measurements.  The model 
can be built using a half sheet of 
plywood or particle board. 

Students should accurately lay 
out all dimensions on the base, 
which can then be cut and painted 
to match the dimensions.  If time 
and budget allow, the site can be 
enhanced with landscaping items 
available for model railroading, 
such as simulated grass and trees.

Student Assessment
An assessment rubric has been developed for the Exploration 
and Engagement activities. Feel free to change this rubric to 
be� er suit your needs.
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The Incredible Shrinking Design
Name:         Date:

Element
Criteria

Points
4 3 2 1

Exploration

Successfully 
completed 

calculations and 
scale drawing; 

followed all 
guidelines. 

Successfully 
completed 
most of the 

calculations and 
scale drawing; 
met most of the 

guidelines. 

Encountered 
diffi  culty with the 
calculations and 
scale drawing; 

did not meet all 
guidelines. 

Did not 
successfully 
complete the 
calculations 
nor the scale 

drawing; did not 
meet guidelines. 

Engagement

Successfully 
designed sign, 

drew, and 
modeled to 

scale; worked 
well within 

group; met all 
specifi cations.

Successfully 
designed sign, 

drew, and 
modeled to 

scale; worked 
well within 
group; met 
most of the 

specifi cations.

Encountered 
diffi  culty with 

design of 
sign and with 

scaled drawing 
and model; 
experienced 
diffi  culty in 
group; did 
not meet all 

specifi cations.

Did not 
successfully 

design, draw, or 
model sign; did 
not work well in 
group; met few 
specifi cations.

Inventor’s 
Logbook 
Entries

Completely 
answered all 

entries. 

Completely 
answered most 
of the entries.

Answered few 
entries completely.

Did not answer 
entries.

Preparing 
for the 
Challenge

Successfully 
measured, 

modeled, and 
painted site; 

worked well as a 
group.

Measured,  
modeled, and 
painted site 

well; worked 
well as a group.

Encountered 
problems 

measuring, 
modeling, and 
painting site; 

diffi  culty working 
in group.

Did not 
successfully 

measure, model, 
and paint site; 
did not work 
well in group.

Total
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Community
Architecture
Introduction
This learning cycle requires students 
to analyze and design the elements 
that promote positive and nega-
tive interaction between residents 
of a community.  Students will first 
investigate an existing neighborhood 
near their home or school, gather 
data, form opinions, and present 
conclusions.  This is followed by a 
chance to design improvements to 
the neighborhood that they have 
investigated.  Finally, the concepts 
acquired in the preceding activities 
are extended to design work on the 
Primary Challenge.

The initial activities in this learning 
cycle take place largely outside 
the classroom.  To some extent, 
the success of the learning cycle 
depends on these factors:

1. The neighborhoods the students 
will study.

2. The students’ interest and moti-
vation to gather information 
about a neighborhood.

3. Your ability to engage students 
in a discussion that will actu-
ally bring out characteristics.

ConstructionTechnologies
Learning Cycle Two Concept Map
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It is recommended that you read the complete learning cycle 
prior to instruction. By doing this, you will be able to make any 
adjustments needed so that students can master the content 
while also enjoying the unique activities included in this 
learning cycle. 

It is also highly recommended that you begin this learning 
cycle by inviting a civil engineer, architect, or regional or city 
planner to come to the class as a guest speaker. By initiating the 
unit with a guest speaker, the students are much more likely to 
a� ack this problem with energy—and good questions.

Objectives and 
Essential Questions
Objectives and 
Essential Questions
Objectives and 

A� er completing this learning cycle, 
students will be able to:

1. Identify physical characteristics 
that promote or hinder interac-
tion among residents of a neigh-
borhood.

Essential Question 1e: What are 
the fundamental processes/
principles used to develop new 
technologies?

2. Design appropriate features for 
a new or existing neighborhood 
to encourage community inter-
action.

Essential Question 7c: What design 
criteria are typically considered 
when developing new technolo-
gies and how do these infl uence 
the final product/system design?

Facility Requirements
No special facilities are required 
for this learning cycle.  However, a 
signifi cant portion of the Exploration
activity will need to be done outside 
of the classroom.  
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Equipment and Materials
8 1⁄2" x 11" white paper

Graph paper 

Pencils and erasers

Masking tape and transparent tape

Tracing paper (optional, roll of 24" 
x 150' recommended)

Color markers (optional)

Digital camera (optional)

Computers and printers 

City or county map

Local building codes

Day One Day Two

Introduction, 
Exploration Exploration 

Day Three Day Four

Refl ection,
Engagement

Engagement, Engagement, Engagement
Preparing for the 
Challenge

Suggested Daily Outline

Estimated number of 50-
minute class periods: 4
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Exploration
The focus of the Exploration activity is on physical characteristics 
of communities that infl uence residents’ quality of life.  Students 
are asked to gather real data on an existing neighborhood and 
then make connections to answer specifi c questions about 
community interaction.  It is recommended that students work 
in pairs and that the pairs be assigned by the instructor. 

Detailed local maps are important, 
preferably ones that show individual 
lots and buildings on those lots.  
The town or city hall, real estate 
offi  ces, or the county/parish exten-
sion offi  ce may be able to help.  An 
alternative is to use aerial or satellite 
photography instead.  Most areas 
of the United States are covered by 
government aerial photographs 
available freely on the Internet (h� p:
//www.terraserver.microso� .com).  
When using the photos, make sure 
to record scale data with the photo-
graph, so that students can make 
useful measurements.  Scale data 
in digital photos is o� en given in 
meters per pixel. 

You may want to substi-
tute the “Neighborhood 
Architecture Investigation 

Sheet” with a profi le sheet 
used by realtors in the evalu-
ation of neighborhoods and 
properties. For example, the 
real estate agency Remax has 
a profi le sheet on its website 
(h� p://www.remax.com). 
You can select homes by zip 
code and click on “Compare 
Neighborhoods” to learn 
about the physical character-
istics of surrounding neigh-
borhoods.

Teaching
i
p
s
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Before you engage students in this Exploration it is recommend 
that you know some characteristics of neighborhoods from 
personal experience.  Some factors in positive community inter-
action are given here:

1. Neighborhood has space held “in common.” Some neigh-
borhoods are built around common spaces like parks, 
playgrounds, school grounds, and golf courses. Spaces of 
this kind tend to bring people together and this naturally 
promotes interaction.

2. There is a community building supported by resident fees. 
A community building can off er many opportunities for 
residents to associate with one another. Sample services 
include: a common place to pick up mail, a space for a 
nursery/pre-school, a wellness/exercise center, a meeting 
area for meals (once a month barbecues, pot lucks, etc.), 
and a swimming pool.

3. Barriers between lots are minimized.  Fences, windbreaks, 
and outward-facing lots have advantages in some cases, but 
also help to isolate residents from their nearest neighbors. 

4. Community organizations are strong. Some communities 
have developed a “Neighborhood Watch” and community 
revitalization organizations to bring neighbors together for 
a common cause. In a similar vein, on a very informal basis 
some neighborhoods have annual block parties or barbecues 
that bring neighbors together. They arrange for the city to 
restrict access to their streets so children can use them for 
games for one a� ernoon. Neighborhoods of this type tend to 
develop a reputation for being a good place to live. In many 
cases this reputation adds value to the properties because 
many families seek this type of a place to rear their children. 

Decide in advance 
which neighborhoods 
the students are going 

to study. For more diver-
sity, instead of having the 
students gather information 
about their own neighbor-
hood, it would be good to 
have a newer development, 
a well established neigh-
borhood that is well main-
tained, a neighborhood 
with common space (park, 
golf course, or community 
building), one that is in 
decline, one that has a repu-
tation of being “alternative,” 
and so forth. Some neighbor-
hoods have logical physical 
boundaries while others do 
not.  It is recommended that 
the areas that students study 
are approximately the size 
of the one presented in the
Primary Challenge (about ten 
acres).

Teaching
i
p
s
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5. Students can walk to school in a safe environment. This 
off ers more convenience for the families and it saves energy 
over time. Sometimes parents walk with their children and 
this off ers an opportunity for parents to know the neigh-
borhood children.

6. Shopping for basic necessities is within walking distance. 
If schools and shopping are within walking distance, a 
family may be able to survive with only one car.  Parents 
and children may be outside more on their way to and from 
errands.

7. There is a good proportion of green space and a diversity 
of trees, shrubs, fl owers, etc. Vegetation not only provides 
oxygen necessary for human and animal life, it does much 
to beautify the environment.

8. The natural environment is le�  undeveloped. Many sites 
that are developed for commercial and housing units have 
natural characteristics such as wetlands, trees, and streams 
that could be worked into the design of a new development. 
Developments that strip the entire site o� en create a sterile 
atmosphere that gives the impression of houses as islands.   

It will be a challenge to get 
students to develop ideas like 
these without giving them too 
much help. In some cases you may 
have to ask questions to get them 
to recall features of the neighbor-
hoods they studied.  It is common 
for some students to resist gath-
ering information in a neighbor-
hood. It would help for you to 
recommend certain people that 
would gladly help students. 

Students will also create a scale 
drawing of their neighborhood to 
synthesize some of the features that 
they have observed.  This should be 
an orthographic top view, but does 
not have to be to full map-dra� ing 
quality.  The important thing is to 
include those elements noted on 
the data sheet.  If time is short, a 
simpler alternative is for students to 
create the drawing on graph paper.  
In either case, a scale of 1’=100” is 
recommended. 

For a professional perspective, you may want to invite 
a realtor or property inspector to your classroom to 
discuss their occupations. The realtor could discuss 

what he or she looks for when preparing a home for sale. 
The property inspector could talk about the potential prob-
lems with homes (water damage, termite damage, founda-
tion cracks, etc.) from a buyer’s perspective.

Teaching
i
p
s
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Once students have lightly 
penciled in the roads, parks, 
buildings, etc., it would help to 
color-code various features.  For 
example, one color might be used 
for roads, another for commercial 
buildings, another for schools and 
parks, another for housing units, 
etc. This not only makes the draw-
ings a� ractive, but it helps commu-
nicate land use in a neighborhood.
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Refl ection
As students answer the Refl ection questions provided in the 
Student Guide, it may help to have the class discuss some of the 
ideas presented.  Example questions are provided below:

1. How does a neighborhood with single-family homes feel 
diff erent than one with multi-family buildings?

2. Why is it benefi cial to have businesses that carry basic 
necessities within walking distance to one’s home? 

3. What is the value of a park in 
a community?

4. Why are trees, shrubs, and 
fl owers important to a neigh-
borhood?

5. Why do a lot of families want 
a neighborhood elementary 
school?
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Engagement
During this phase of the learning 
cycle, students will have a chance 
to put their new knowledge to 
work.  Now, they have a chance 
to actually make a diff erence 
in a neighborhood in their own 
community.  Students are assigned 
the neighborhood improvement 
plan. The more resources you can 
provide, the be� er. An Internet 
search for “Green Communi-
ties,” “Sustainable Communi-
ties,” “Community Sprawl,” Effi  -
cient Housing,” and “Commu-
nity Networks,” will provide the 
class with a lot of information 
to consider as students come up 
with recommendations for their 
assigned neighborhood.

Students already made drawings of the neighborhoods 
assigned to them. The drawings for the neighborhood improve-
ment plan can simply be tracings of these drawings or an 
overlay on translucent paper that includes the recommended 
changes.  Be on the alert for real-life audiences that would 
benefi t from the students’ work.  A community board, city 
council, or neighborhood organization meeting may be inter-
ested in hearing a presentation of the work, and students can 
help raise the profi le of their school course work in technology.
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Expansion
Although not required, these Expansion activities are designed 
to cause teams to delve deeper into the concepts explored in this 
learning cycle. 

1. Search the Internet to fi nd out how neighborhoods in other 
countries (or in other parts of the U.S.) are laid out and 
how the design of these communities promotes interaction 
among residents.

2.  Study the issues related to 
“urban sprawl.”  Find out what 
your community or another 
in your state is doing to help 
solve the problems created by 
“urban sprawl.” First, identify 
and explain the problem. What 
human demands cause an 
inordinate amount of land to 
be used for new construction? 
Second, identify what the local 
or state government is doing 
to help solve the problem. 
What laws and rules have been 
enacted? 

3.  Determine if any buildings in 
your geographic area are using 
some of the principles that go 
into the building of a green 
community. If no building 
in your geographic area is 
using green principles, locate 
a green community’s website. 
Describe the green principles 
the building or community 
utilized and explain the justifi -
cation for their use.
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Preparing for the Challenge
To encourage effi  cient work, students 
should start their work on the 
Primary Challenge by making an 
outline of the site they will be devel-
oping. This should, of course, be 
to scale. They should also make an 
outline or “footprint” for a commu-
nity building, commercial buildings, 
a variety of living units, and commu-
nity features such as park areas, foun-
tains, walks, etc. They can then place 
the footprints of the various items 
on the building site, moving them 
around to explore diff erent options.  
When they are satisfi ed with a layout, 
they can then trace the outlines on 
tracing paper. The result can serve as 
their design “A.”  Students should be 
encouraged to make several more—a 
design “B,” “C,” and so on. Each time 
they will discover ways to improve 
their design.
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Student Assessment
An assessment rubric has been developed for the Exploration 
and Engagement activities. Feel free to change this rubric to 
be� er suit your needs.
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Community Architecture Rubric

Name:         Date:

Element
Criteria

Points
4 3 2 1

Initial report on 
neighborhood

Includes specifi c 
items that are 
based on data 
from personal 
investigation.

Includes specifi c 
items that are 
based on gen-
eral concepts.

Includes general 
items specifi c 

to this 
neighborhood.

Includes general 
items common 

to many 
neighborhoods.

Description of 
neighborhood

Includes loca-
tion, history, 

size, number of 
living units, and 
shopping areas.

Includes most 
elements re-

quested in the 
description; his-
tory is included.

The description 
addresses about 
half of what is 

expected.

The description 
includes very 

few of the 
elements 

requested.

Drawing 
of existing 
community

Scale is in pro-
portion and all 

buildings, roads, 
etc. are on the 

drawing.

Nearly all of the 
buildings and 

roads are 
represented.

There are prob-
lems with the 

scale; some 
buildings are 

not represented.

The scale is in-
accurate; many 
buildings are 

missing.

Recommendations

There are at 
least six recom-
mendations rep-
resenting both 
environmental 
concerns and 

ways to increase 
interaction.

Four or fi ve fea-
sible recommen-

dations were 
given.

Two or three 
feasible recom-

mendations 
were given.

One or no rec-
ommendations 

were given

Drawing with 
proposed changes

Drawing is to 
scale; includes 

buildings, 
roads, etc. and 
represents own 
recommenda-

tions.

Drawing has 
some missing 

information and 
may have scale 

problems.

There may be 
problems with 
the scale; about 
one half of the 
information is 

missing.

Drawing is not 
to scale; has 

limited informa-
tion.

Total Points
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The Web We Weave
Introduction
Throughout this learning cycle 
students will explore diff erent infra-
structure systems that are involved 
in most large-scale construction. 
Student teams will fi rst construct an 
aqueduct system designed to carry 
water twenty feet up a two-foot 
grade. A� er students have timed 
how long it takes to transport water 
through their systems, they will 
compare their results to a pump-fed 
system. 

In the second Exploration activity, 
students will redesign a parking 
facility to help a school manage 
its use of land. Students will need 
to think through many diff erent 
factors in order to design a practical 
and convenient facility.  During the 
Engagement activity, students will 
be assigned to groups representing 
diff erent interests in developing a 
piece of land. The student groups 
will need to produce a proposal 
that addresses seven criteria and 
includes a parking management 
plan. 

Each group will give a presenta-
tion covering the specifi ed require-
ments.  A� er all presentations, the 
class will discuss the best use of the 
land according to diff erent needs. 
Preparing for the Challenge allows 
time for the students to create a 
concept plan for their planned unit 
development. Their concept plan 
must include the outlined dimen-
sions and a scaled drawing.

ConstructionTechnologies
Learning Cycle Three Concept Map

Construction
Technologies

Technological
Design

Technological
Utilization

Technological
Systems

LC 1
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principles

subsystems
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design
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design
criteria

design
criteria

design
criteria

instrumentation

instrumentation
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attributes

attributes

Technological
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Objectives and Essential Questions
A� er completing this learning cycle, students will be able to:

1. Identify the infrastructural elements of a city.
Essential Question 4a: What are the systems and subsystems 

involved in the various contexts of technology?

2. Explain the ways in which infrastructural elements are 
chosen, designed, constructed, and regulated.

Essential Question 7c: What design criteria are typically consid-
ered when developing new technologies (e.g., marketability, 
safety, usability, reliability, cost, materials, etc.) and how do 
these infl uence the fi nal product/system design?

3. Develop a concept plan meeting 
specifi ed criteria for a planned 
development. 

Essential Question 7e: How can the 
a� ributes of design and the prin-
ciples of design aid in the devel-
opment of quality solutions?

Facility Requirements
During the fi rst Exploration phase, 
students will need access to a 
lab se� ing or a space where they 
can build their 20-foot long aque-
duct system. Some water may 
spill during this activity. For the 
remaining activities, students will 
need access to computers and space 
for group work, including large fl at 
surfaces for planning.  

Equipment/Materials
Exploration I

Plastic straws

Masking tape

Glue guns and glue

Plastic containers 

Miscellaneous cardboard

Other miscellaneous building 
items, as desired

1 Stop watch

1 Submersible or aquarium pump

25” of vinyl tubing to fi t the pump 
outlet
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Day One Day Two

Introduction, 
Exploration I

Exploration I, 
Refl ection I 

Day Three Day Four

Exploration II Exploration II,
Refl ection II

Day Five Day Six

Engagement
Engagement, 
Preparing for the 
Challenge

Suggested Daily Outline

Estimated number of 50- 
minute class periods: 6

Exploration I
This activity provides the opportunity for students to think 
about certain types of utility distribution, namely gravity and 
pressure distribution systems.  Student teams will construct 
an aqueduct system designed to carry water twenty feet up a 
two-foot grade. A� er students have timed how long it takes to 
transport water through their systems, they will compare their 
results to a pump-fed system.  Students should be challenged to 
work with limited materials and to manage their most impor-
tant resource: potential energy, as provided by gravity.
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The class should divide into small teams. Each 
team will be responsible for building an aque-
duct system that meets the design constraints 
listed in the student guide. 

An example of a potential solution is plastic 
tubing draped over a pile of books and chairs 
(two feet high). One end will hold the three 
gallons of water in a bucket and the other end 
will have an Archimedes Screw-type system and  
a bucket connected to the tubing. 

Listed below are several websites 
that have illustrations of the 
Archimedes Screw:

www.mcs.drexel.edu/~crorres/

Archimedes/Screw/

ScrewAnimation.html

www.animatedsoftware.com/pumpglos/

archimed.htm

www.tiscali.co/uk/reference/encyclopedia/

hutchinson/m0002929.html

Students will compare their 
system to a pressure delivery 
system using a small subermers-
ible pump. This system can be 
built in advance, or as students 
are working on their designs.
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Notes:
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Refl ection 
A� er completing the Exploration activity, students will need to 
refl ect on the knowledge and experience they have acquired to 
answer the following questions.

1.  Which was faster for carrying water, the pump or  your 
system?  Is this always true?
Answers will vary.  Variations will depend on the pump size, pipe 
size, and slope of a gravity system.

2.  How could you improve your design to transport the water 
faster?
In general, a channel with greater cross-sectional area and greater 
initial slope will move water faster.

3. What are some advantages of a 
gravity distribution system?
Gravity systems are simple, use no 
energy, and are usually very 
reliable.

4. What are some advantages of a 
pressure (pump) distribution 
system?
Pumps can deliver fl uids uphill, 
or at higher pressures than gravity 
systems.

5. What utility services are 
provided for your home by a 
pressurized pipeline system?  
Why is pressure the best choice 
for these systems?
Water, natural gas, and steam (for 
large buildings) are all pressurized.  
This allows them to be delivered at 
continuous high pressure, even to 
the upper fl oors of a building.

6. What utility services for your 
home are gravity-fed?  Why is 
gravity the best choice for these 
services?
Most sewers are gravity-fed.  
Storm water systems are also 
gravity systems.  This makes them 
cheap and reliable.  Since the mate-
rial is carried out of the building 
instead of into it, upper fl oors can 
use gravity too.
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Exploration II
In this section, students will look 
at how parking is designed and 
managed as a way to learn about 
land-use issues in city planning.  
Students will redesign a parking 
facility to help a school manage 
its parking problems. Students 
will need to think through many 
diff erent factors in order to design 
a practical and convenient facility.  

This activity will be of li� le benefi t if students merely sketch 
some plans based on speculation.  To get the most out of this 
activity, students will need to work with a high degree of accu-
racy and consider many diff erent sources of data.  Land-use 
plans should be drawn to scale and accurate dimensions should 
be used for road widths, parking space sizes, and other key 
dimensions.  Much of this information will need to be gathered 
by the students themselves, either from reference sources or 
from actual measurements.  Students will also need data about 
the percentage of students who drive, ride with others, take 
public transportation, bike, etc. to school.  This data might be 
gathered by a school or class survey.
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You could personalize this activity by incorporating 
your school’s parking lot layout and school data (e.g., 
number of faculty and staff , size of spaces). You could 

also include an examination of ADA requirements.

Teaching
i
p
s
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Refl ection 
A� er completing the Exploration activity, students will need to 
refl ect on the knowledge and experience they have acquired to 
answer the following questions. 

1. How will the major stakeholders–students, teachers, and 
local residents–feel about your recommendations?
Answers will vary depending on how students accomplished 
the traffi  c and parking reductions.  Depending on the proposal, 
students or residents may be quite unhappy with the changes.

2. How will your recommenda-
tions fare if the school enroll-
ment were to increase ten 
percent?
Answers will again vary.  The 
question is designed to get 
students thinking about normal 
variations that must be expected 
in any long-term plan.

3. How could some of these same 
principles be used on a large 
scale to reduce city traffi  c prob-
lems?
Students and teachers aren’t the 
only ones who can be encouraged 
to fi nd alternative forms of trans-
portation.  Park-and-ride lots for 
public transportation, carpool 
lanes on freeways, restricted 
parking areas, and other means 
can all be used to reduce conges-
tion caused by automobiles.
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Engagement
Students will need to be divided 
into fi ve teams during the Engage-
ment phase of this learning cycle to 
prepare a proposal for developing 
a piece of land. Each team will 
need to be assigned to represent 
the interest of one of the groups 
listed below. Each group is inter-
ested in developing or preserving 
the land in a diff erent way. 

The fi ve groups are:
• An organization of builders 

wanting to primarily build 
single-family homes.

• A group of builders interested 
in constructing multiple apart-
ment buildings, along with a 
shopping/convenience  mall.

• A developer wanting to 
construct a large-scale shop-
ping area.

• A developer interested in 
turning the land into an 
industrial park a� racting both 
light and heavy industrial 
facilities. 

• An environmental advocacy 
organization asking the city 
to keep the land and develop 
a portion into some type of 
recreational facility or park.

Conventional Minimum Parking Ratios
(Source: ITE, 1987; Smith, 1984; and Wells, 1994)

Land Use Parking Ratio Actual Average 
Parking Demand

Single family homes 2 spaces per unit 1.11 spaces per unit

Shopping center 5 spaces per 1000 sq feet GFA 3.97 per 1000 sq feet GFA

Industrial 1 space per 1000 sq feet GFA 1.48 per 1000 sq feet GFA

GFA = Gross Floor Area of a building without storage or utility spaces

If time allows, you may decide to have the students vote for the best 
proposal. And then, in teams of four or fi ve, each team will build a scale 
model of how they interpret the proposal.

You may want to assign 
zoning areas on the lot to 
teams.

Teaching
i
p
s
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Each group will need to conduct research based on their needs 
and choose a zoning classifi cation to recommend, along with a 
rationale stating why they chose that classifi cation. A set of six 
zoning classifi cations are listed in the Student Guide.  If desired, 
the class could substitute actual local zoning classifi cations.  
Each group will need to prepare a presentation outlining its 
proposal and rationale, including a description of exactly how 
they would develop the land. 

The activity ties into the previous 
one by asking students to specifi cally 
include plans for parking in their 
proposal.  On the previous page is 
a graph illustrating conventional 
parking ratios for a few diff erent 
types of developments. Students 
should research their development’s 
parking needs and estimate answers 
for thequestions on page 59 of the 
Student Guide . Some answers may 
be educated guesses, but should be 
within reason.
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Expansion

Although not required, these Expansion activities are designed 
to cause teams to delve deeper into the concepts explored in this 
learning cycle.

1. Research water purifi cation methods.  Construct a small-
scale portable water purifi er using recycled materials.  
Demonstrate how this purifi cation system could be used 
to assist people living in regions where the water coming 
from the tap can not be trusted.

2. Look into a major utility or 
infrastructure construction 
project.  Some examples include 
New York City’s Tunnel #3 and 
Boston’s “Big Dig.”  Find out 
how the project addresses the 
current and future needs of that 
city. 

3. Locate your (or a) city’s website 
(for example, www.normal.org is 
the website of the town where 
this text was wri� en) and 
answer the following:

- Name and describe three 
boards, commissions, or 
commi� ees that control 
construction or land use 
issues. What do they do? 
When do they meet? 

- Locate the city’s zoning 
map. How are the zones 
designated? Which zone 
occupies the most land? 
Are the zones separated 
from each other or are 
they integrated?

- Locate the city’s water 
department. Where does 
the majority of the city 
get its water? Trace the 
water from its source to 
your school.

4. A� end (or obtain the minutes 
from) a city council or a zoning 
board’s meeting and docu-
ment the infrastructural issues 
addressed. What were the 
issues? What was decided?
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Preparing for the Challenge
Students will need to work in their
Primary Challenge teams to create 
a concept plan outlining their 
planned unit development. The 
concept plan will provide an oppor-
tunity for students to design their 
unit on paper and think through the 
various elements. A scale drawing 
should also be prepared during this 
time.  A suggested scale is 1:500 for 
a 12-inch square drawing.

The Concept Plan should include:
a. Boundary lines, dimensions, 

and acreage of the site
b. Streets and parking on the site
c. Possible land use pa� erns
d. Number of dwelling units (resi-

dential) proposed and antici-
pated population

e. Areas (zones) of industrial, 
commercial, institutional, and 
recreational land uses proposed

f. A statement indicating how 
the planned unit development 
corresponds to, and complies 
with, green building techniques

g. Utilities-consideration of the 
essential services that will need 
to be provided to each zone

Student Assessment
An assessment rubric has been wri� en for the Exploration and 
Engagement activities. Feel free to change this rubric to be� er 
suit your needs.
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The Web We Weave

Name:         Date:

Element
Criteria

Points
4 3 2 1

Exploration I
Aqueduct 

System with 
Purifi er 

Successfully 
created  an 

aqueduct system 
and purifi er; 
followed all 
guidelines. 

Successfully 
created an 

aqueduct system 
and purifi er; 

met most of the 
guidelines. 

Encountered 
diffi  culty in 

creating aqueduct 
system and 
purifi er; did 
not meet all 
guidelines. 

Did not 
successfully 

create an 
aqueduct system 
and/or purifi er; 

did not meet 
guidelines. 

Exploration II 
School 
Parking 
Facility

Made compelling 
recommendations; 

met all 
requirements.

Made logical 
recommendations; 

met most of the 
requirements. 

Encountered 
diffi  culty; did not 

meet all of the 
requirements. 

Did not 
successfully 

fi nish project; 
met few of the 
requirements. 

Engagement 
Zoning 
Debate

Successfully 
prepared 

presentation; 
worked extremely 

well within 
group; met all 
specifi cations.

Successfully 
prepared 

presentation; 
worked well 

within group; 
met most of the 
specifi cations.

Encountered 
diffi  culty 
preparing 

presentation; 
experienced 

diffi  culty working 
in group; did 
not meet all 

specifi cations.

Did not 
successfully meet 
requirements; did 
not work well in 
group; met few 
specifi cations.

Inventor’s 
Logbook 
Entries

Completely 
answered all 

entries. 

Completely 
answered most of 

the entries. 

Answered 
few entries 
completely.

Did not answer 
entries.

Total
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There’s No Place 
Like Home
Introduction
In this learning cycle, students 
will learn the specifi cs of how 
modern North American homes 
are designed and built.  The Explo-
ration section covers basic steps in 
fl oor planning, including a brief 
introduction to standard dimen-
sions and code requirements.  
Students will design and draw a 
small apartment unit using tech-
niques they learn in this unit.  
The Engagement section covers 
platform framing techniques.  
Students research building mate-
rials in a standard wall section, 
and then build a full-size section.  
Finally, students work towards the 
Primary Challenge by designing and 
completing drawings of fl oor plans 
for the planned unit development.

Objectives and 
Essential Questions
Objectives and 
Essential Questions
Objectives and 

A� er completing this learning 
cycle, students will be able to:

1. Employ common techniques 
for residential housing design.

Essential Question 7c:  What 
design criteria are typically 
considered when developing 
new technologies and how 
do these infl uence the fi nal 
product/system design?

ConstructionTechnologies
Learning Cycle Four Concept Map

Construction
Technologies

Technological
Design

Technological
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Technological
Systems
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design
criteria

design
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design
criteria

instrumentation

instrumentation

decisions

attributes

attributes

Technological
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2. Sketch elementary construction details such as foundations, 
framing, roofi ng, and sheathing.

Essential Question 9d:  How is technological instrumentation 
used to measure, calculate, manipulate, and predict the 
actions of technological devices and systems?

3. Demonstrate appropriate residential building techniques.
Essential Question 9d:  How is technological instrumentations 

used to measure, calculate, manipulate, and predict the 
actions of technological devices and systems?

Facility Requirements
The Engagement activity revolves 
around the construction of a full-
scale section of a frame building.  
Ideally, the class will be able to 
complete this activity in a room 
with a high ceiling or in a sheltered 
outside location.  Approximately 
fi � een feet from fl oor to ceiling will 
be required, depending on foun-
dation depth and the roof pitch 
used in the wall section.  If this is 
unworkable, the wall section may 
be modifi ed to use walls that are 
less than the standard eight feet 
in height.  There are no special 
requirements for the Exploration and 
Preparing for the Challenge activities.

Equipment
If a life-size option is used, these 
items are suggested.  Other tools 
may be used as appropriate. The 
quantities listed below are approxi-
mate.

(8) Hammers

(8) Tape measures

(4) Quick squares

Ra� er square

(4) Crosscut saws

Circular saw

(3) Mortar trowels

Mixing bucket

Metal hand shears

Electric drill with 1⁄2” and 1” bits

Propane torch 

     Wheel barrows
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Hose-outside access

Hoe/shovel

Protective fl oor covering

Equipment/Materials
The quantities listed below are 
approximate.

Item Size Qty
2x4 8 � 6

2x4, Pressure-treated 8 � 1

1x6 Fascia 4+ � 1

2x10 8 � 8

2x12 8 � 5

1⁄2” OSB or plywood 4x8 1

3⁄4” OSB or plywood 4x8 2

Concrete blocks Full 20

Mortar 50 lb 1

10d nails ~ 5 lb

16d nails ~ 5 lb

Anchor bolts 8 in 3

Metal soffi  t ~ 4 � .

Roofi ng felt ~ 20 � 2

Shingles (1 pkg) ~ 20 � 2

NM electrical cable 14-2 25 � .

Electrical outlet Duplex 1

Electrical box 1-gang 1

Cable clips 14-2 1 box

Copper tubing, type M 1⁄2” 10 � 

Copper elbows 1⁄2” 4

Water stops, 
solder fi � ing 1⁄2” 2

Solder ~ 1 lb

Flux ~ 8 oz.

Pipe fasteners 1⁄2” 10

Suggested Daily Outline

Estimated number of 50- 
minute class periods: 10

Day One Day Two Day Three Day Four

Introduction, 
Exploration Exploration Refl ection, 

Engagement Engagement

Day Five Day Six Day Seven Day Eight

Engagement Engagement Engagement Engagement

Day Nine Day Ten

Engagement Preparing for the 
Challenge
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Exploration
The Exploration activity teaches students basic techniques 
for eff ective fl oor planning.  This is not intended to be a full 
introduction to residential design, and items such as loads, 
spans, and other engineering calculations are intentionally not 
covered.  However, standard material sizes and code require-
ments are briefl y discussed.

Students are asked to design a fl oor 
plan for a unit in an apartment 
or condominium.  A few general 
requirements are listed in the 
Student Guide, such as a total size 
of 800 to 1,000 square feet.  The 
requirements are le�  intentionally 
vague, though, to allow students 
to make the major design decisions 
themselves.  Some students might 
ask for more guidance on what 
rooms to include in their fl oor 
plan, and how to arrange them.  
While some guidance is appro-
priate, students should be chal-
lenged to make their own design 
decisions based on careful thought.

Safety

Students should wear gloves 
when handling pressure-
treated wood. If they make 
any cuts, a dust mask should 
also be worn. A� er working 
with pressure-treated lumber, 
have students wash any skin 
that has come in contact with 
the wood or dust.
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Figure 1. Example 
bubble plan

The activity begins with an intro-
duction to bubble plans.  The 
Student Guide contains instruc-
tions on how to complete a basic 
bubble plan. Students should 
be encouraged (or required) to 
complete a number if iterations of 
their designs in bubble form–eight 
to ten sketches is not excessive. 
Recycled paper or the back of used 
paper is fi ne for these types of 
sketches.
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Students will then begin refi ning their designs by selecting a 
few top choices and adding walls, then creating a rough rectan-
gular sketch. This is followed by conversion to full fl oor plans. 
At this point, standard sizes of materials and rooms may be 
covered in as much depth as is desired. Students should then be 
given time to complete and turn in a presentation-quality fl oor 
plan of their chosen design.
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Room
Typical minimum size 
allowed by building codes

Main room 150 square feet
Kitchen 50 square feet
All other rooms 70 square feet
Stairways 3 feet wide
Hallway 3 feet wide
All rooms must have at least one window

Item Standard Size
Inside door 30" 
Outside door 32"
Bathtub 30" x 60"

Kitchen counters 24" deep, 
even multiples of 3" wide

Plywood & Drywall 48" x 96"
Lumber Even multiples of 24" long
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Refl ection
A� er completing the Exploration activity, students will need to 
refl ect on the knowledge and experience they have acquired to 
answer the following questions. 

1. Think about how you arranged the rooms in your apart-
ment.  Which rooms logically go next to each other?  Why?  
Houses are usually arranged into a “public area” containing rooms 
such as the living room, dining room, kitchen, and half bath and 
a “private area” containing rooms such as bedrooms and family 
bathrooms.  This separation allows guests to be entertained easily 
while still providing a personal space for the residents of the 

house.  Apartments may not have a 
complete separation between these 
two areas, but the same principle 
applies, and bedrooms are usually 
placed in more isolated locations.

2.  If the size of your apartment 
doubled, how would you 
change the fl oor plan?  Describe 
specifi c changes in room sizes, 
shapes, and number of rooms.
Answers will vary.  Simply 
doubling all the room sizes will not 
produce a good design, since walls 
will simply get farther apart.  It may 
be best to use the space to expand 
several tight spaces, and then add 
additional elements that could not 
be fit into the original plan.  Extra 
bedrooms, an extra bath, or an 
offi  ce/study are common choices.

3.  What advantages are there in 
using a technique like bubble 
planning to design a fl oor plan?
Bubble plans let designers think 
about the general spaces in a plan 
without having to decide on the 
exact locations of walls, doors, and 
windows. This method of drawing 
o� en produces floor plans that be� er 
refl ect the true needs and desires of 
the people living in the home.
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Engagement
This activity revolves around the 
construction of a full-size, 4-foot-
wide wall section (a scale model 
is an option).  This is probably the 
most intense activity in the entire 
nine-week unit, and will require 
some planning and facility/materials 
preparation.  Refer to the previous 
sections for information on facility 
use, equipment, and materials.  
These items should be in place on the 
fi rst day of the Engagement activity.  
To save materials, the wall section 
can be made narrower than four feet.  
However, a narrower section may 
not be stable enough to stand without 
bracing.  Also, a four-foot section is 
recommended since it is the smallest 
width that allows a whole number of 
studs, joists, and sheathing materials 
at standard spacing.

Students will spend the fi rst part of 
this activity researching the names, 
sizes, and construction techniques 
for their section of the structure.  
Students will present this informa-
tion to the rest of the class before 
beginning the actual construction 
process.  The construction phase 
will be more successful if students 
are required to have complete and 
detailed information on the part 
of the structure before proceeding.  
This will minimize the amount of 
direct instruction for the instructor.

The Internet will be a useful 
resource for students, as will almost 
any text on residential construction.  

One very thorough source (available both on the internet and in 
print) is the Details for Conventional Wood Frame Construction 
manual, available from the American Wood Council 
(http://www.awc.org). This can be downloaded for free.

The construction phase will be labor-intensive for both students 
and instructors.  It is important that students receive suitable 
instruction about safe and proper use of hand tools and power 
tools.  This instruction must be included in the unit before 
construction begins.  Wherever possible, hand tools have been 
suggested instead of power tools.  The use of hand tools involves 
more students in the construction process and provides a greater 
margin of safety.  It also encourages students to “measure twice 
and cut once,” since each cut requires more of their own eff ort.
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To complete the structure in the time allo� ed, groups will need 
to work at the same time, even if there is no structure in place to 
install their materials.  Some parts, like the floor platform, walls, 
and ra� ers, will need to be measured and built on the classroom 
fl oor, then li� ed into place once the structure is ready.  The founda-
tion group should be given as much help as needed in the begin-
ning of the project, since other groups depend on them the most.  
The footer can be simulated with concrete blocks laid at right 
angles to the wall, or a true footer can be poured.  To save time and 
materials, only two to three courses of block should be laid.

The ra� ers may be cut at any suitable pitch.  To reduce the height 
of the structure and provide greater safety, a low pitch such as 3/
12 is suggested.  The inside end of the joists and ra� ers will need 

to be braced with other lumber.  
If two classes are each building a 
wall section, the two halves can be 
combined into one structure. (See 
illustrations on following pages.)

The plumbing and electrical group 
will install one outlet and two 
rough fi � ings (with water stop 
valve) for a sink.  To avoid the risk 
of fi re in soldering, most of this 
work can be done off  of the struc-
ture, and then added as the wall 
nears completion.

Most materials in this activity can 
be reused for future projects.  The 
foundation block and roof deck 
will be the hardest items to break 
down.  OSB sheathing is harder to 
remove in one piece than plywood, 
although its cost is much lower.

You may fi nd it easier to 
have the same teams that 
researched a part of the 

wall section actually build 
that part of the wall section. 
In addition, you may want to 
develop a schedule for instal-
lation and impose deadlines 
on each team. The teams 
should develop a detailed 
plan before they begin instal-
lation to help them meet their 
deadline.

Teaching
i
p
s
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








 




















 
















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



 

Notes:

Notes:
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Expansion
Although not required, these 
Expansion activities are designed 
to cause teams to delve deeper 
into the concepts explored in this 
learning cycle. 

1.  The platform framing method 
shown in this unit is the most 
popular form of framing 
in North America, but it is 
not the only method in use.  
Research alternative methods 
of residential construction, 
such as balloon framing, 
heavy timber construction, 
and steel framing.  Create 
detailed sketches showing 
how a room would be framed 
with each method.

2.  Discover how American homes have changed throughout 
history. Research homes built by Native American tribes 
(in diff erent regions), early colonists, Midwest and Western 
se� lers, the first city dwellers, and others.  Explain why each 
group chose the type of structures that they did.

3.  Find out how prefabricated materials change the construc-
tion process.  Try to fi nd as many prefabricated items for 
residential construction as you can.  Select one product to 
investigate more completely and present your fi ndings to 
the class. 
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Preparing for the Challenge
Students will need to work with 
their Primary Challenge teams to 
develop floor plans for one of the 
buildings in the planned unit 
development.  Each group should 
be assigned one of the buildings 
from the list in the Student Guide.  
If there are more than six groups, 
extra groups can work on a diff erent 
fl oor plan for the single-family 
homes or the duplexes.  If there are 
fewer groups, the two-story house 
or the duplex can be omi� ed.

Floor plans should be to scale.  An 
architectural scale of 1⁄4" = 1' is the 
most common size for fl oor plans, 
although this scale will require 
students to use large sheets of 
paper.  Students will also need 
some guidance as to what details 
to include in their fl oor plans.  
Depending on time and skill level, 
doors, windows, fi xtures, appli-
ances, and rooms dimensions may 
be included or omi� ed for the 
class.
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Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your needs.
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There’s No Place Like Home

     Name:         Date:

Element
Criteria

Points
4 3 2 1

Bubble Plans

Created a large 
number of concept 

sketches that 
show evidence of 
thoughtful design.

Created a large 
number of concept 

sketches.  The 
concepts are fairly 

similar and lack 
breadth.

Created a smaller 
number of concept 

sketches that 
show evidence of 
thoughtful design.

Created a minimal 
number of concept 
sketches with li� le 
thought to design 

details.

Floor Plans

Completed a 
detailed, practical 

fl oor plan 
incorporating 
the constraints 

discussed in the 
Exploration section.

Completed a  
practical fl oor 
plan, but not 
all details or 

dimensions were 
standard.

The fl oor plan 
was incomplete, 

lacking much 
detail, and/or 
impractical.

The fl oor plan 
was incomplete 

and showed 
li� le a� ention to 

concepts taught in 
class.

Wall Section 
Research

Accurately 
answered assigned 

questions, 
successfully 
prepared a 

presentation, and 
was well-prepared 
for construction.

Accurately 
answered assigned 

questions, 
successfully 
prepared a 

presentation, 
but lacking 

detail needed for 
construction.

Answered 
assigned questions 

and prepared 
a presentation, 
but had some 
inaccuracies.

Presented a 
minimal amount 

of information 
related to 

the assigned 
questions.

Construction

Worked as part 
of a group to 

complete assigned 
section accurately 

and on time.

Worked as part 
of a group to 

complete assigned 
section accurately 

and on time.  
Did not share 

equal portion of 
responsibility.

Worked as 
part of a group 

to complete 
assigned section.  

Workmanship 
needs 

improvement. 

Made minimal 
contribution to 

completion of the 
assigned section.

Preparing for 
the Challenge

Completed a 
detailed, practical 

fl oor plan 
incorporating 
the constraints 

discussed in the 
Exploration section.

Completed a  
practical fl oor 
plan, but not 
all details or 

dimensions were 
standard.

The fl oor plan 
was incomplete, 

lacking much 
detail, and/or 
impractical.

The fl oor plan 
was incomplete 

and showed 
li� le a� ention to 

concepts taught in 
class.

Total
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Seeing Green
Introduction
In this learning cycle, students will 
learn how current green building 
trends are changing the way resi-
dential buildings are being designed 
and built.  They will also experience 
those diff erences hands-on as they 
model some of the green building 
construction techniques.

The Exploration section covers the 
concepts and structure of the most 
prominent green building stan-
dard, LEED-NC, published by 
the U.S. Green Building Council.  
(LEED-NC stands for Leadership in 
Energy and Environmental Design 
– New Construction.) Students 
will research specifi c sections of 
LEED-NC and apply them to their 
designs.  The Engagement section 
covers framing techniques suitable 
for green building credit.  These 
framing techniques, o� en called 
“optimum value engineering,” are 
designed to minimize material 
costs while still meeting structural 
requirements.  Students will build 
models or full-size sections showing 
these advanced framing details.  
Finally, students will work toward 
the Primary Challenge by selecting 
green building techniques for the 
planned unit development.

ConstructionTechnologies
Learning Cycle Five Concept Map

Construction
Technologies

Technological
Design

Technological
Utilization

Technological
Systems

LC 1

LC 3

LC 5

LC 4

processes/
principles

subsystems

subsystems

design
criteria

design
criteria

design
criteria

design
criteria

instrumentation

instrumentation

decisions

attributes

attributes

Technological
ProgressionLC 2
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Objectives and Essential Questions
A� er completing this learning cycle, students will be able to:

1. Identify the key ideas of green building.
Essential Question 4a: What are the systems and subsystems 

involved in the various contexts of technology?

2. Describe the process and requirements of LEED certifi cation.
Essential Question 7c: What design criteria are typically consid-

ered when developing new technologies and how do these 
infl uence the fi nal product/system design?

3. Design/model buildings that 
utilize Optimum Value Engi-
neering.  

Essential Question 7d: How are 
decisions made regarding 
information that should be 
discarded or ignored?

Facility Requirements
The Exploration and Engagement 
sections will require  a computer 
lab with Internet access.  Students 
will be researching various items 
related to green building.  The 
Engagement activity also includes 
the construction of framing 
sections.  While not as large as 
the full-scale wall section in the 
previous learning cycle, these will 
still be fairly large.  Some will be 
eight feet high and require a room 
with a high ceiling and ample fl oor 
space.  

If space is an issue, these framing 
sections can be completed as scale 
models instead, in which case 
the facility requirements will be 
much smaller.  There are no special 
requirements for the Preparing for 
the Challenge activities.    
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Equipment
The following items are suggested. 
Other tools may be used if appro-
priate. The quantities listed below 
are approximate.

(8) Hammers
(8) Tape measures
(4) Quick squares

Ra� er square
(4) Crosscut saws

Circular saw
Electric drill with 1⁄2" bit & 1" bit

Materials
The quantities listed below are 
approximate. Materials from the 
previous learning cycle may be 
reused.

Item Size Qty
2x4 8 feet 20

2x4, pressure-treated 8 feet 2

2x10 8 feet 2

2x12 8 feet 1

1⁄2" OSB or plywood 4x8 1

3⁄4" OSB or plywood 4x8 1

10d nails ~ 5 lb

16d nails ~ 5 lb

Suggested Daily Outline

Estimated number of 50- 
minute class periods: 5

Also, large-size paper (11x17 or 
larger) will be required for the 
Preparing for the Challenge activity. 

Day One Day Two Day Three

Introduction, 
Exploration Exploration Refl ection, 

Engagement

Day Four Day Five

Engagement Engagement
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Exploration
This section introduces students to LEED-NC, the most common 
set of green building criteria currently in use.  LEED-NC is 
published by the U.S. Green Building Council 
(http://www.usgbc.org/), an organization that also reviews the appli-
cations for certifi cation to LEED.  (The full name, Leadership in 
Energy and Environmental Design – New Construction, is rarely 
used.)  LEED is structured as a points-rating system, where 
a building earns point credits for specifi c actions that reduce 
energy and environmental impact. 

A building that earns a suffi  cient 
number of credits can achieve 
LEED certifi cation. LEED certifi ca-
tion also has certain basic require-
ments, called prerequisites, which 
are mandatory for achieving certi-
fi cation.

The entire LEED-NC rating system 
is large and fairly complex.  While 
not diffi  cult to understand, there 
are many credits and numerous 
details to consider.  The major 
activity in this section asks student 
groups to research just a part of 
the rating system and summarize 
its most important features for the 
rest of the class. Listed below is a 
brief description of the six LEED 
certifi cation categories.

•  The Sustainable Sites category 
includes the measures taken to 
prevent the harmful impact of 
construction on undeveloped 
lands and the eff ort taken to 
improve previously contami-
nated sites.

•  The Water Effi  ciency category Water Effi  ciency category Water Effi  ciency
examines the measures taken 
to reduce the excessive usage 
of water.

•  The Energy and Atmosphere 
category includes the environ-
mentally and economically 
benefi cial practices that reduce 
energy consumption.
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•  The Materials and Resources 
category accounts for the 
eff orts taken to re-use mate-
rials and use renewable mate-
rials.

•  The Indoor Environmental 
Quality category measures 
strategies taken to increase 
the quality of the indoor envi-
ronment, such as ventilation 
eff ectiveness and the control 
of contaminates.

•  The Innovation and Design 
Process is aimed at recognizing 
projects that utilized both 
sustainable building concepts 
and innovative building tech-
niques.

Student groups should research 
their assigned section of the LEED-
NC system on the Internet.  While 
many sites discuss LEED criteria, 
the most complete and accurate 
information will be found on 
the U.S. Green Building Council 
website.  As of this writing, the 
most complete set of information 
was found in a document titled 
LEED Rating System Version 2.0, 
which is available as a free down-
load.  If Internet access is not avail-
able for all computers, it is possible 
to save this fi le and similar mate-
rials for offl  ine access for students.

Student groups should share their fi ndings with the class in a 
concise but accurate presentation.  Encourage students to focus 
on the prerequisites and credits available in their assigned 
section of the rating system, and to provide an explanation of 
how those credits can be earned.  Merely presenting this infor-
mation in an accurate form should take each group six to eight 
minutes.  The short LEED-NC Project Checklist is a list of all 
prerequisites and credits and might be very helpful in grading 
student presentations.
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Refl ection
A� er completing the Exploration activity, students will need to 
refl ect on the knowledge and experience they have acquired to 
answer the following questions. 

1.  What are some of the ways to earn LEED credits that seem 
fairly easy to accomplish?
Student answers will vary.  Selection of materials, products, and 
landscaping may seem easy ways to earn credits.

2.  What are some of the ways to 
earn LEED credits that seem 
diffi  cult to accomplish?
Student answers will vary. 
Credits that require major design 
modifi cations, such as site plan-
ning and sizing of a structure, 
will require more design work and 
seem harder to achieve.

3.  In general, what is the process 
to obtain LEED certifi cation for 
a building?  
The certifi cation process is 
explained in detail on the USGBC 
web site.  Certifi cation begins 
with registering the building 
and paying a fee.  This starts the 
process.  The building’s designers 
and builders must then prepare 
documentation for each credit 
that they want to earn.  All this 
documentation is assembled into 
an application, which is reviewed 
by USGBC staff .  If the required 
prerequisites and credits have 
been met, the building is awarded 
LEED certifi cation.
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Engagement
Students will need to research 
carefully to obtain useful informa-
tion for the building phase of this 
activity. An Internet search for 
“optimum value engineering” or 
“advanced wall framing” as whole 
phrases will probably yield the 
best results. One excellent resource 
for students is the Advanced Wall 
Framing Technology Fact Sheet 
published by the Department of 
Energy’s Offi  ce of Building Tech-
nology.  It is available as a free 
download.

Student groups should select one of the framing techniques to 
build, or diff erent techniques may be assigned to groups.  The 
activity will be most useful if the framing sections are built as 
full-size models using standard tools.  However, if materials or 
space are limited, the models may be made of diff erent mate-
rials.  For instance, 3⁄4" plywood can be ripped into strips to make 
1⁄2-scale lumber, or even smaller models can be made with balsa 
wood and glue.
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As students build their framing section, they should have a 
clear idea of how the technique that they are modeling mini-
mizes material use. If extra material is available, student groups 
could build two models–one using conventional techniques, 
and one using advanced framing techniques–and compare 
material use. Students could also be challenged to calculate 
the savings in material if their chosen technique was used 
throughout an average-sized house.

This activity might be concluded 
with student presentations that 
discuss material use and green 
building requirements, as well as 
a display of their model(s).  This 
activity also might be suitable for 
presentation to a larger audience, 
such as a hallway display or school 
assembly.
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Expansion
Although not required, these Expan-
sion activities are designed to cause 
teams to delve deeper into the 
concepts explored in this learning 
cycle.

1.  The LEED standard for homes is 
newer than the LEED-NC and 
is not as developed.  Find out 
the current status of the LEED-
Homes program.  Find out what 
issues are being discussed and 
whether the program is being 
adopted in the marketplace.

2.  Research green building initia-
tives that are separate from the 
U.S. Green Building Council.  
Try to fi nd some in other coun-
tries.  How are they similar or 
diff erent than the LEED stan-
dards?

3.  Conduct an informal assess-
ment of your home or school.  
How close is it to being LEED- 
certifi able?  What changes 
could you make to bring it 
closer at a reasonable cost?
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Note that the LEED-NC rating 
system includes some items that are 
considered prerequisites that must 
be met by any structure seeking 
certifi cation.  The Primary Challenge
teams must address all of these.  
The rest of the rating system uses 
credits for various actions.  Teams 
are free to choose any combina-
tion of these credits to meet the 
minimum point requirements.

The results of this activity will 
become the fi nal fl oor plans, site 
plans, and documents for the 
Primary Challenge.  It might be 
helpful to remind students of the 
standards for high-quality scale 
drawings.  These drawings may 
be at any scale that is convenient, 
although a scale of 1⁄4”=1” or larger 
is recommended for fl oor plans to 
allow easy presentation.  

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your needs.

Preparing for the Challenge
Students should regroup in their Primary Challenge teams.  In 
this learning cycle, the goal is to revise the existing building 
plans to achieve LEED certifi cation.  Students are asked to 
develop a revised fl oor plan, a site plan, and a detailed checklist 
of LEED credits that the building will be able to achieve.

The key to this activity is for students to make very specifi c 
changes to their design.  It may be tempting for some groups to 
list general goals such as “use advanced framing throughout 
the house” or “use green materials for the siding.”  These groups 
should be challenged to make their recommendations much 
more specifi c.  If time permits, groups might even search for prod-
ucts and specify an exact product for certain materials.
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Seeing Green
Name:         Date:

Element
Criteria

Points
4 3 2 1

LEED rating 
presentation
LEED rating 
presentation
LEED rating 

Presented accurate 
information on all 
prerequisites and 

credits, along with 
explanations of 

how to earn each.

Presented accurate 
information on all 
prerequisites and 

credits, but did not 
fully explain some 

of them.

Presented 
accurate 

information on 
prerequisites and 

credits, along with 
explanations, but 

did not cover each 
one.

Presented a 
minimal amount of 
information related 
to the assignment.

Advanced 
framing 
research
framing 
research
framing 

Was well-prepared 
for construction 

and could explain 
how the assigned 

technique 
contributed to 
green building 

certifi cation.

Was well-prepared 
for construction, 
but lacked detail 

on how the 
assigned technique 

contributed to 
green building 

certifi cation.

Did not 
have enough 

information for 
independent 
completion 

of the project; 
needed help from 
other groups or 

instructor.

Presented a 
minimal amount of 
information related 
to the assignment.

Construction

Worked as part of a 
group to complete 
assigned section 

accurately and on 
time.

Worked as part of a 
group to complete 
assigned section 
accurately and 

on time.  Did not 
share equal portion 

of responsibility.

Worked as 
part of a group 

to complete 
assigned section.  

Workmanship 
needs 

improvement. 

Made minimal 
contribution to 

completion of the 
assigned section.

Preparing for 
the Challenge

Presented a 
detailed site plan, 
fl oor plan, and list 
of credits that are 

able to achieve 
certifi cation.

Presented a 
site plan, fl oor 

plan, and list of 
credits that are 
able to achieve 

certifi cation, but 
plans lacked some 

detail.

Plans were 
incomplete, 

lacking major 
detail, or did 

not earn enough 
credits for 

certifi cation.

Plans were 
incomplete and 

showed li� le 
a� ention to 

concepts taught in 
class.

Total
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Stu
de

nts
 w

ill 
un

de
rst

an
d: 1. that technological progression is driven by a number of factors, including individual creativity, 

product and systems innovation, and human wants and needs.
a. How are new technologies developed and marketed? 
b. What social, cultural, and political pressures lead to the need or want for new 

technologies?
c. What are the specifi c roles of professionals involved in technological adaptation and 

change? 
d. What factors need to be in place for new technologies to be viable in the national and 

international marketplace?
e.e. What are the fundamental What are the fundamental processes/principles processes/principles used to develop new technologies?used to develop new technologies?

2. that technological development for the solution of a problem in one context can spinoff  for use 
in a variety of o� en unrelated applications.

a. How do technologies migrate from one context (or location) to another and what are the 
implications?

b. What roles do the patent, trademark, and copyright laws play in the dissemination of
technological ideas?

c. How have technological innovations caused paradigm shi� s throughout history and 
what are these major shi� s?

3. that technological change can be positive and/or negative, and can have intended and/or 
unforeseen social, cultural, environmental, and political consequences.

a. What are some of the unforeseen consequences of specifi c technological changes 
throughout history?

b. How can a technology cause both good and harm and how do humans prepare for or 
respond to these impacts?

4. how technological systems work, the components of those systems, and how they fi t into the 
larger technological, economic, and social systems.

a. What are the systems and subsystems involved in the various contexts of technology?
b. What are the key elements of the various technological systems and what are the 

relationships between these systems?
c. How do various technological systems infl uence the economy, society, the environment, 

and culture?

5. that there are compelling and controversial issues associated with the acquisition, development, 
use, and disposal of resources. 

a. What kinds of resources are required in each of the eight technological contexts?
b. What is the relative value of specifi c resources used in technological systems?
c. To what extent have resource issues (acquisition, development, use, and disposal) 

aff ected the direction of technological development?
d. What resources are needed to solve a specifi c design problem (people, information, 

materials, tools, capital, energy, time, technical ability)?

Project ProBaseProject ProBase
Enduring Understandings Essential QuestionsEnduring Understandings Essential QuestionsEngaging Technology
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Stu
de

nts
 w

ill 
un

de
rst

an
d:

6. that the complexities of technological design involve trade-off s among competing constraints 
and requirements, including engineering, economic, political, social, and environmental 
considerations.

a. To what extent have optimal designs been achieved in the eight technological context 
areas?

b.   What are the key factors that cause designers to make decisions about trade-off s, 
limitations, and constraints when designing new products and systems? (Micro Factors)

c. How can members of the public, politicians, or the state of the economy infl uence the 
design of new technological products and systems? (Macro Factors)

d. How can social values and principles guide in the development of solutions to 
technological problems?

7. that technological design is a systematic process used to initiate and refi ne ideas, solve 
problems, and maintain products and systems.

a. What are the fi ve primary What are the fi ve primary methods through which technological through which technological problems problems are 
solved and how do they diff er (i.e., troubleshooting, research and development, 
experimentation, invention and innovation, design problem solving)?

b. To what extent can design problems be approached through a series of generic 
procedures (the design loop)?

c. What design criteria are typically considered when developing new technologies 
(i.e., marketability, safety, useability, reliability, cost, materials, etc.) and how do these 
infl uence the fi nal product/system design? 

d. How are decisions made regarding information that should be discarded or ignored?
e. How can the a� ributes of design and the principles of design aid in the development of 

quality solutions?
f. How can the establishment of relationships, controlling variables, categorizing 

techniques, and making inferences aid in the development of new technological 
designs?

8. how to evaluate the benefi ts, limitations, and risks associated with existing and proposed 
technologies.

a. How does a risk/benefi t analysis aid the designer in addressing potential harmful 
eff ects prior to development?eff ects prior to development?

b. What are some important ethical decisions that should be considered when developing 
any new technology?

c. Are all product/system designs created for the purpose of adding social value?
d. How are ethical considerations, economic considerations, engineering realities, and 

political forces balanced during technological innovation?
e. In what ways are technological needs and wants being balanced with long term 

environmental or social consequences?

9.   how to utilize a variety of simple and complex technologies.
a.  How are technologies used to control devices and systems?
b.  How do technologies communicate with one another and provide information to 

humans?
c.  To what extent are technological systems and devices controlled by people and to what 

extent are they controlled by other technologies?
d.  How is technological instrumentation used to measure, calculate, manipulate, and 

predict the actions of technological devices and systems?
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Name:    Date:  Activity:

Inventor’s Logbook

Construction Technologies
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Observation of: Criteria Total 
Points

4 3 2 1

Helping - 
students off er assistance 

to one another
Consistently Most of the time Some of the time None

Listening - 
students work each 

others’ ideas
Consistently Most of the time Some of the time None

Participating - 
students contribute to 

project/activity
Consistently Most of the time Some of the time None

Persuading - 
students exchange, 
defend, and rethink 

ideas

Consistently Most of the time Some of the time None

Questioning - 
students interact, 
discuss, and pose 

questions to all team 
members

Consistently Most of the time Some of the time None

Respecting -
students encourage and 

support ideas and eff orts 
of others

Consistently Most of the time Some of the time None

Sharing - 
students off er ideas and 
report their fi ndings to 

each other

Consistently Most of the time Some of the time None

Collaborative -

overall team work

Consistently Most of the time Some of the time None

Total Points

Teamwork Rubric

Additional comments:
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In addition to Construction Technologies, the ProBase curriculum series off ers seven other Learning Units. 
The eight ProBase units can be used independently, in conjunction, or as an entire curriculum package. A 
brief description of each of the ProBase learning units follows. For more information contact the Center for 
Advancing the Teaching of Technology and Science. 

Agriculture and Related Biotechnologies
This unit provides an analysis of the various 
uses and ethical considerations of biotechnol-
ogy. The unit also examines how agricultural 
technologies provide increased crop yields and 
allow adaptation to changing and harsh envi-
ronments, enabling the growth of plants and 
animals for various uses. 

Energy and Power Technologies
This unit examines how energy and power sys-
tems can be made more effi  cient and how they 
may be utilized in problem solving. The unit 
also focuses on how modern energy and power 
systems impact cultures, societies, and the en-
vironment. 

Information and Communication 
Technologies

This unit examines how technology facili-
tates the gathering, manipulation, storage, and 
transmission of data and how this data can be 
used to create useful products. The unit also ex-
plores how communications systems can solve
technological problems.

Medical Technologies
This unit provides an analysis of how medical 
technologies are used to increase the quality 
and length of human life, and how increased 
use of technology carries potential consequenc-
es, which require public debate. The tools and 
devices used to repair and replace organs, pre-
vent disease, and rehabilitate the human body 
are also explored. 

Entertainment and Recreation Technologies
This unit explores technological entertainment 
and recreation systems and how their use im-
pacts human leisure-time performance. The 
social, cultural, and environmental implica-
tions of entertainment and recreation technol-
ogies are also examined. 

Manufacturing Technologies
The unit explores the process of changing 
raw materials into finished products and how 
manufacturing aff ects the standard of living of 
various peoples. In addition, issues such as the 
maintenance of manufacturing effi  ciency, the 
eff ects of human consumption on manufactur-
ing, and manufacturing’s eff ects on the stan-
dard of living of various peoples are examined. 

Transportation Technologies
This unit looks at the complex networks of in-
terconnected subsystems that comprise trans-
portation systems and the roles of these compo-
nents in the overall functional process of trans-
portation. The unit also provides an analysis of 
the improvements and the impacts of transpor-
tation technologies on the environment, society, 
and culture.




